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W OE: AT DTS REIC O R A SR 5 AR, AT AR A AT SRR B A RE, A IR T 30 d e
FEHIRE (4. 20, 30 C). JGER GEe. Rl MEAS (B2 B XA aEE (bHED. JEHEE (peroxide
value, POV) FIBR ALK (L 212 I MMM (thiobarbituric acid reactive substances, TBArs) Z54bzh 772 05 s [Fl, %
FA B A — B B A B R IR B AT . &5 SRR PR X A A S AR SR 5 AR B RN . 7R
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SR T 8 B AL AR, JE 64 R 30 d, TBArsfH_ETFT 7.42 mo/kg: MR Al 60 (0 TR T K
e FR A IR T TBArS ME AR 4k, — BB 2 T B F TN A Ak I ict P2 v 58 € S AN IE B POV (B M AR Ak AR o AT 9T 45 R
B 7K G A AR D I i S 2578 R AR R B Ak IR e 3 AL T — S Bkl

KEBIR: R B A AR FA LAKREAE; ARREILER

doi: 10.11975/j.issn.1002-6819.2017.21.055

hESHS: TS255.1; TQO28.6  ICHFREM: A NERS: 1002-6819(2017)-Supp.1-0367-07

T OE, E i, TR, B, SKEEW, S0, SRI, SMHAE. TRNERGTOERERENS &FEED
NEHER. R TEZFR, 2017, 33(HEF) 1): 367 — 373. doi : 10.11975/j.issn.1002-6819.2017.21.055
http://www.tcsae.org

Wang Jun, Wang Dong, Luo Qingsong, Xiao Hongwei, Zhang Xiaolin, Fang Xiaoming, Gao Zhenjing, Han Shengming. Lipid
oxidation and color degradation kinetics under different storage conditions of pollen[J]. Transactions of the Chinese Society of

Agricultural Engineering (Transactions of the CSAE), 2017, 33(Supp.1): 367—373. (in Chinese with English abstract)

doi: 10.11975/j.issn.1002-6819.2017.21.055

0 31 B

TR AR HEVE BTN, 7oA TS e &S,
TR AR, WIRBEANERLER, HEEEY SRS
FAREEFHELmHRE, RN E GRS BAR. &
(RSN VOV E S Aty M 0 % S (NENER ey
T BE T (R Th BE, Ao AR 71 BRI AT 9 AR K
O MBI PO . PUEs . PiEE. R hae
2 N, TER BT 58 48 IR BRI 9% P g 5212

HEEAEEOENEE, mREERE 6,
Roeagiit, 2013 4Ed ETER B8 6000 £ Y, 4R,
HHEEE S BB IK S (30%~40%) , % 5 Z WA
RYLT R AR o AR K& B 1R i 18 R B AT

Wk H W 2016-10-27  f&iTHH®I: 2017-02-08

HEeWH: FxERBEESTIHE (31501548); EXIAR (Fig) 7=
W AR R ETT (NCYTI-43-KXJIL7): v [E & bR 325 B 6137 T2
(CAAS-ASTIP-2015-1AR)

fEEfmf: £ OF, B, Hik2mA, A, FEAFL=HN TS
A . db st P E R K2 T % BE, 100083,

Email: wangjungsau@126.com.

KIBEESE: A, B O, =LA, BEmR R, M, EZM
FHE P SO TR R B A dbRT o E AR R 2 B B i AT
100094, Email: 153886891@aq.com.

http://www.tcsae.org

B, REEREEMT RN, R R R E AR
Mg & &, BMEZBKTRE, HEAY, 9R17F
TERBEHIR, SRR, (ESA, PR A
A0 HR, ST AER I T SR E 3 B R AR
W 7 2 A AR ARG 1 S W R R it e
Jt A S5 AS [R5k 7 255 2% A X AR ot I A ot 50 70 2 5 T
I FEAS A2

PR VP B i SR v SR 95 1 B ELWAR AR
B MR B o T (R SR A AR BT e
SESTE N, EE R AEE (b)) XHETERIN.
I TS ot R s3] 5 ek AN 5. ik
B L RILFEEAME SR, KREHAREH,
RS RN, R AR T B 2 S B
PR [ 5 AR e RS ER IR S N R AR
M2k 3B, YRt B S IEI S & &, MR,
eI RS RNR IR AR B 2,
T EAEE (peroxide value, POV) FIFRARH I L 212 &
MNJEYIME (thiobarbituric acid reactive substances, TBArs)
VN IR —B A S I A R 2 e A, HAE S,
7P SR R SORE b i 28 o DRI, % 7T DA B (3 b*{
POV fii. TBArs EH RVFNTaR, AT ff €0 N sEld #2
it 5 R AR B 77 2



368 gelk THRE2AAR Chttp://www.tcsae.org)

2017 4F

AT, KT8 &yt 72 o B o sl 5 i iy
st % . BB EPERT T T R F R T AL
REWT A, S5RRIL, Tl FEp f hur) TBArs [EHREE
BN BT EER I, W, —Pr s RS A T LR
T (A U3 A b TBArs I8k AT F 2528 %)
BRI R R S O pHEIT IR RS 125 T, 4
RRIL, bEAER SR A& Arrhenius £ ;
PRI T O TR S I e A R R AL R
fRsh 1%, SERFW, WG RE P ON RS TBArs EIY
BT E—B RPN FRA . AR, B A X
W2 AR SR AT T AR T R B AR S 2T
Fo, UNER BRI SR R PR AARIO L VAR IR I e B 4 0
TNABS TR (it 2 N7 TP 8 b ek 5 7 2 AR 1 Ll A 272,
SR, KT U5 B AT AR T e i 2 v €005 B i S g P
AT TR i R L2

ZHIE AL DL Rk Bl R B K R AT GRS i B i
Bh, RPN E A BRI REARL, LA 30 d NI,
Iy MRS R (4. 20, 30 C) . g GEG. dJE
B FIEAR (EZS. EIE) WHREH b*E. POV A
TBArs IR ; 5P A0 — B A A A X a0 4
HAT N D120, DU 0 J5 A7 68 T i A b o
BRI S %

1 RS

1.1 RIEAR

AN (CE7KEN 10.45%+0.96%, a8 &0 %N
7.13%+0.67%, & )f 16.25%+1.17%), H 4 EL R
Bt B W RIE T S Bt s AR A, SR A bk sh o T H
TRBOREE JWERETEFERREGRAFD: RN
7 cmx10 cm, JEFF 80~180 um, /K751 <<0.006 g/(m*d)
(40 C, Q0%HIXTHEE), %A <iEiL<0.024 mL/(m*.d-0.1
MPa), & &#EEE>25N/15mm, $52 58 >35 N/15 mm,
PENR N (150£10) C; EAENI LS (B T
EEIPRABRAT]D: RN 7 emx10 cm, &S 80~120
um, KFESiEE <0.012 g/(m?-d) (40 C, 0%AHXTIESE),
A/AE T <0.048 mL/(m?-d-0.1 MPa), &3> C10 N/
15 mm, BHA5RE>30 N/A5 mm, HeEHE A (150+10) C;
WAL R PE R OMIREELS, RS 7omx10em,
SASUBEITFE (18 500+40) emY(mP-d-10° Pa), kit
Ny (134 500+£40) cm¥(m?*-d-10° Pa), % I K N (33+
40) g/(m*d).

1.2 FEMNESAF

FEAL S SMY-2000SF 74 1 22 0 i (AL a4 37
BHEITF R A RA T, TU-1810 B4 ARaT I/ 66 (b
HOENTIEFAERA R TEAFD, SOP MM FRF (2
FI R A (dEa) BHRAFRD;

FEHA: AU CRETDEE R RRARARD,
ZHA R bbb A RIS AED, AR
P sl (R REE AR A R A FD, 1,133,194
AHENLE (tetraethoxypropane, TEP) (_E#Ifr B A YRl
HIRAFD %

1.3 REHE
13,1 iRkt

ERETEAZMT, SREEERE N 4. 20,
30 C&MT, MEWRILRE P fi{es POV {H. TBArs
o K% b*(ER ks fEERERN 4 CRIESEREAMT, it
AT 't BEXS A7 A0 K I a0 5 A 9 SR A 5 i (1) 3K
5, e H POV i, TBArs{H KX b {E A8 1L; FEIREA
4 CREEAIEAM T, FATE AN ARk et 72
BRI EACEE M RS, I 3 POV {H. TBArsfEH &
PHERIAEM, Wit R IR 1. FAIRIEHE(2542) 9,
% AT . MR RIC LTS5 R, 2 BIFE 5K 0. 5.
10. 15. 20. 25. 30 d #EATHUEEE o

®1 FERORRRIG

Tablel Experiment design of storage conditions of pollen
UGS

s g 3 %
Experimenta Experi nin?al/ 4(t;\ﬂ:ameters Pacl:rlzzcé};rﬁj:iti on
factors p P &
S Y 4 S
e 2 2 s SIRTES
Temperature/ C 2 Vacuum and illumination
S BEG Without illumination 4 “C B 455
Illumination JE#EE Withillumination Vacuum and temperature of 4 C
AR HZ Vacuum 4 "CEBGH % Without
Oxygen & Normal pressure illumination and temperatureof 4 C

1.3.2 H&E bMEsmE

BB K SMY-2000SF B 0 224 5E o I 5E B
43 A FH L RRORT BE AR A AR AT RS 1 o B i T DU L Y
Fhl, mESE 3
1.3.3 id8AEJE (POV) 44l E

Z 1 Almeida P05 E 0 E— Bk, BABEA:
FREX 2.00 g VR &I HFE, BT 250 mL B, NN 20 mL
—& e, BEENHE, BOEY, HEEAAMORK
PR, SR 5 NN 30 mL VKBATR , 4k 2L 78 , FFEERE T 3 min,
SRJG N 1.00 mL BRI LB, o5 b 2E Al R N,
B[] 22 /0y 2 min, PR ) s S TR], 7 O IE) 2220 7R
Y 3 IR GEGEH IS A REARRD e, AR5 SR
N 30mL ZEUEK, $227, 0 1 mbL jeR e R o B A A
AT B BN bR & VAW (0.002 0 mol/L) Wi5E, ZEiE I
R R, BORIE & = G- 0K SRRV AL BRI
Ko ¥ H—J7, e Ak . S8R R AR (D,
Hh p{HEP A POV {H (g/100Q) -
_(V—Vp)c:01269

m

Ao Vo AT IE B AR BRI AR EL, mLs 1y
T T2 AR BRAE R AR, mL; ¢ R
REREANE TR AT, mol/lL; m FoRiAFERIRE, o
0.126 9 /25 1.00 mL AARHREREAbR R 2 U 24 AL 5
=, J.
1.3.4 BARKREILZBR R AL (TBArs) 49T

PR e il i 45 . I 1,1,3,3,- D9 A R T
(TEP) MW (F%4F 10 ug/mL ) TBA) 0. 0.2, 0.4,
06. 08. 1.0mL, & T 25mL HIZEE N, IKEBEM

P 100 (DL
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5mL, A5 mL TBA ¥, SHMMIAFAE, &5
Ebth, DL OD fE NREALKR, LA TEP K E NN AL bR
mzk, ArvEihiZk ol y=0.7402x+0.042 (R*=0.9995) . TBArs
(ma/kg) & M bR eI 28 273 1) TBA 258 4.

Mg J7iE5 2% FHES0, WERFRERTERRE G 2.00 9,
BT 250 mL HFET = MM, I 10 mL i & 7350 7.5%
1) =& LRV TR (5 84340 0.1% EDTA), #=$#% 30 min,
FXUZ AR e, =R ADZ AT — IR, MR
FiRJER 5mL BT 25 mL EL N, SN 5mL TBA &
W (0.02 mol/L) , JBZ), InZE, BT 90 C/HKBHN,
{35 40 min, BUHUEAZEI 1 h, BANAE N B 5 min
(1600 r/min) , EEBMEIAN 25 mL ELEE N, A 5mL
A5, BA, BE, 52, W RIERSRIAE 532 nm Al
600 nm KAt (RIS kSR , dsRIR el
5 TBArsfH.

1.3.5 #hAhFAERNES

KEFF SR, TR AR — BB o] DU 1 $
RA S E N e S R r R ) A 20 S B,
PEBEEMER (X (2) ) AR (X (3 ) X
AN TR A 256 5 2R e kA T g ARk b H . POV fH K&
TBArs (AT 3l )1 A (305

EWEI . C=Cytkot (2
—FERL C=Coexp (—kaf) 3
A C R Co 4 AT IR 18] A ¢ FIAIUGI ) b 15
POV 18 K% TBArs{H; koMl ky 53 5 NI AR ELFI— 54 7
SRR ¢ R A, do
1.4 HBIESH

FrE#dE N 3 WHPAT IR TS 50E 1)~ F 3518, R
Fl SPSS17.0 (SPSS Inc., Chicago, IL, USA) #4777
FEOHT . Nt R (U b, POV Al TBArs {E A5 %1 41)
A5 ¥%% F Matlab 7.0 (MathWorks, USA) %44,

2 HBRERH

2.1 AEIBEFRNSIOEF MR s & E AN

B 1 AN R QR S S5 R X fmr A 5 A b*
THIIm . BT ARy 2R G, H o*EITRAE.
MK la~1c ATLLAH, W . SCIRFIE S R AE R
PO EH — 2 I, G T [ i b R
WON RS, hIE lanl s, WEEHE R AR bHEE &
R (P<0.05), JWADBkE, EOEOFEMETIEBIE. 8
i PR B R DT T Amf A4 I o S8 A, T s e L R 5
AR, 3% 5 RO i g i AR Ak I RE P AB AR FE B
gsiee —8m. Frf, KREFRERE, YRR GHE
HS5RERREY), KIREAHR T R EREBLSEW RS,
fd 77 i S PUE A 1 R B Rk, A o g
TP AL LR A AE R CL B R B A LG B N A la
AL R4 CHEZTECEIEKMT, Mlek b EEE
ST (8] R ZE AT AR 22— I R L. IS = A m]
RE 5 B AT AE A O R AR 3B o A AR O o s AE 40 75 T
FEROK AR R, SZEER W, BRI CERAET
— B MEAL, AT R A B B — 5 AL

[ o T8 s T RORCIR kL, e R e R b, fE
Ty RURL Z A AE € AR, e iR =R (R
AR B W5 kA . Bk, BUEARURE T (4 C)
Wi, AR PR 2 R A s M R ARG, 2 T S i
HAAFR B2

3R 4 C .
Storage temperature 4 “C
60 == PSR IE 20 C 60
Storage temperature 20 C .
050 - PSR 30 C 50 il - L |25
i Storage temperature 30 C 3 Vacuum package
g 40 '8 40 with illumination
= %
30 30
Py by
=20 =20

0 5 10 15 20 25 30 0 5 10 15 20 25 30
I3 IE] Storage time/d JF-3 A E] Storage time/d
a, AZSEOLABE AT b. 4 CHAEWRELMT
RIRNRBERS b* EH R JEREXT b* (R
a. Effect of temperature on b* b. Effect of illumination on
value of pollen vacuum without b* value of pollen at 4 C with
illumination package condition vacuum package condition

—=— Wt
Atmospheric pressure
package without illumination

0o 5 10
38Kt 6] Storage time/d
c. 4 CHOBMBEMT
ST b* [N
c. Effect of oxygen on b*
value of pollen at 4 ‘C without
illumination package condition

15 20 25 30

A1 AR QRFXE ERETH T bHEE Hh
Figl Effect of package methods and storage conditions
on b* value of pollen during storage

HE 1b Fl c i LUE H, 6l S ST i A {e %
WO IREAE, SRV R SR — 2, 7R AT
1 b E R, W 15 d 5 HAE R AR AR .
Giannakourou ZEPSRIE 5 T 40 538 v s 2 PR I R
(R AR, & SR R LAE T ek it A v BRI R B A 2
PG AR, X H AR 3 A AR
22 AEBEAFASEMEEHNGTERTELEE
(POV) BYSZNE

P 2 AN [ A2 Oy ORI P 88 2% 14 5 Ap FE A POV B
e, REAEM (POV) 26 A G B H
PR FERR, AR, NEPAMGFRR R S . B 2am] A
B, R B A AR R S 4R B B A AL S e B
(P<0.05), 4 CHEZEGCAIENEAFM T, POV HILH
WAL, 205 30 C%&AM4FT, POV {HAEA I EL T
BES . BRYIGETBANE T 5 KB, AR
FE# R H AT BRI KA, AT, X H5IXU RS
FLAE I 25 FAR I, 38 BRI e B S 11 i IR T A 2% s A
FEA RIORL (A AR S AR AR — € AR, RISt phiE
AMEEA K. HE 20 TLUEH, SelR i 18 i w46
BB AL A B2 (P>0.05). HE 2c AT &N, (EI 5 AT
# (520 d), ASFTAER POV HMAMEWHE N, 2
Je B R K
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D60 Sommempetred T 2,0 BEICRIL, RHEIERT T 750 Ix I, FEITFE i TBATS (K &
e o e e b £y ) W TLE 4 N 2 b ft 3 i 522 b
g s[LmmENC S, = Ak FTtm, RGBSR, R I A A s R R
27| Stomagetempera S acuum package g i ORI ;
&0 4 [ TERRIREE 30 C S14 with illumination JH:’ Eﬁ*)/}mgaﬁﬁ%%EPﬁ%ﬁfz%Uﬁﬁﬁﬁx;ﬂB%{&ﬁ;ﬂE%
= Storage = = £
§ 31 temperature FAGRRIML, KL TR AR,
30°C
@2 o TP .
TSR L 4 °C
Jﬂg 1 am Storage temperature 4 C 4y - B AR
¥ | Foz & 130r = P#URE20C & 10.0) Vacuumpackage
20 5 10 15 20 25 30% 0 S5 10 15 20 25 30 Ecn.o _A_%}gg grggefcamre 20°¢C oo with illumination
J&"iﬁﬂa‘[ﬂ Storage time/d YBR[ Storage time/d Lpi( ED 9.0 Storage temperature 30 °C & -
a FUSBICADE R T b. 4 CEADERM R g ggeo
RIFREEXS POV {E M JEHEXF POV {E A sy 70 B S
a. Effect of temperature on POV b. Effect of illumination on 2L 50 =g 40
value of pollen vacuum without POV value of pollen at 4 C with LAy 10 Bl
illumination package condition vacuum package condition fﬁ ’ @
7:2.0 o TR B @ l'0() 5 10 15 20 _25 30 48 0 5 10‘ 15 20 _25 30
o' 17| Atmospheric pressure packag [F380A /&) Storage time/d IF7EkET 8] Storage time/d
=] without illumination a. AR AT b.4 CHSMBELANET
314 KR EEXT TBArs A9 StFEXT TBArs & K
S a. Effect of temperature on TBArs b. Effect of illumination on
o value of pollen vacuum without TBArs value of pollen at 4 'C
@ 0.8 illumination package condition with vacuum package condition
g 0.5
®O02075 10 15 20 25 30
A P3RS ] Storage time/d
c. 4 CREBRRAMNT
ASNF POV {E IR
c. Effect of oxygen on POV = HIERRfsE

value of pollen at 4 ‘C without
illumination package condition

A2 KRB &RH XG4 POV 88 #h
Fig2 Effect of package methods and storage conditions
on POV value of pollen during storage

2.3 FRIBERAFASMEEGImESRAFELLZE
BRI RZJE4{E (TBArs) RS2

3 AN A AL 7 ORI 58 2% A% i A TBArs {E
FI2m . BRACIE LSRR NEYIE (TBArs) i i i
JRAL RGN BUA AR S () S B R b, HAEB s, AR AL
PR T . B 3 wl4n, Wi FE b 4E K TBATrs
IR b, HIPmEE s TBArs Hf B35
M (P<0.05). SidfEFEREAHEL, SN TBArs 520 4L
Ne M 3aF A, WEN 4. 20, 30 CTHAET, I 30d
Jei» S AIGEE A LA ek TBArs{E43 7 EFF T 3.36.
5.80 1 6.43 mg/kg. HiFE 3b w40, 1 6RO ac 1+
T, Syl isE A el s fe TBArs {5 BT
7.42mglkg. NN AN T E LR K 2 —, BERAE
PG T 2 S EBUR R AM RN, R NI 2 H
EEAC T, 2B SN g B R A BRI, g e g )

Atmospheric pressure
package without illumination

5 10 15 20 25 30
I RETE] Storage time/d
c. 4 CHROLEEAM T
S TBArs [ERIEZIH
c. Effect of oxygen on TBArs
value of pollen at 4 C without
illumination package condition

B3 AR aRy X5k TBArs{iLe) %
Fig3 Effect of package methods and storage conditions on
TBArsvalue of pollen during storage

2.4 TRIBEFAENBEGTREMNBRLETHNN
FRBET 516E

x® 2 AWM TEARESE T XSVt T2 S
—hah R GG, RTLUE H, B s R T
FIHER TBArs 284k (R?>0.9000), — PRSI iR
bEF POV {H 754k (R>0.9100). Hr, ErkAE:
PRI AER A 20 °C (R°=0.9767).30 °C (R?*=0.9895)
I 4T POV {HF1 20 “C (R?=0.9506) W7k 2&1F
TBArs IS — BB I TNATAER7E 4 °C
(R?=0.9538) Ik & 1F T b+ . EA3 R (R?=0.9654)
FIH B (R%=0.9612) 1375 RN Y POV 481k

#2 TEBSEAFARELEFMTEAENRRSENNFER
Table2 Quality degradation kinetics model of pollen during storage under different package methods

TR Zero-order —B i First-order

L g ok A oS = T R
b Index Storage condition et s ruse EE BT i ruse WERH
4 C EZ#E 4 C vacuum packaging without illumination —1.0502 2.8060 0.9334 0.0291 2.1034 0.9626
o 20 C HE=#EE 20 “C vacuum packaging without illumination -1.2133 4.3245 0.8863 0.0385 3.0384 0.9441
»* value 30 C E=Z5#: 30°C vacuum packaging without illumination —1.5399 6.1403 0.8622 0.0642 3.7007 0.9500
4 C HZHERE 4 °C vacuum packaging with illumination -1.5332 5.8630 0.8718 0.0627 3.5270 0.9536
4 C HJE#EDE 4°C normal pressure packaging without illumination —1.5667 6.4855 0.8520 0.0712 3.4473 0.9582
4 ‘C HZ#EE 4°C vacuum packaging without illumination 0.0101 0.0461 0.8921 -0.0198 0.0404 0.9174
POV {i 20 C Eéiﬂ%)'ﬁ 20 “C vacuum packaging without illumination 0.1438 0.2220 0.9767 -0.0536 0.3823 0.9344
POV value 30 C HE=®EE 30 C vacuum packaging without illumination 0.1722 0.1771 0.9895 -0.0517 0.4282 0.9423
4 °C HA9R#EE 4 C vacuum packaging with illumination 0.0092 0.0374 0.9499 —0.0217 0.0311 0.9654
4 C ¥JE#%E 4 C normal pressure packaging without illumination  0.0332 0.0825 0.9406 —0.0340 0.0666 0.9612
4 C HEZ#E 4 °C vacuum packaging without illumination 0.1306 0.3937 0.9167 -0.0322 0.5282 0.8522
TBArs 20 C E’Eﬁj‘ﬁ 20 ‘C vacuum packaging without illumination 0.2126 0.4846 0.9506 -0.0398 0.7824 0.8744
TBArsvalue 2 € B33 30 °C vacuum packaging without illumination 0.2334 0.7123 0.9148 -0.0413 1.0374 0.8235
4 C EAE#HE 4 °C vacuum packaging with illumination 0.2657 0.7158 0.9323 -0.0399 11143 0.8404
4 °C #E#EYE 4 “C normal pressure packaging without illumination  0.1666 0.5474 0.9026 -0.0301 0.7512 0.8200




HET 1

FOFEE AFEWTRAFAT TR RS R R S )

371

BEALIEEL — 405N 18] 5. 10, 30 d AT iR E6 4k
Wi, 05 AR BT S T AT B, TS A
REVLHE, ERWNE 3R, ATLEH, 30 CHRZ®E
oA 4 R R 30 d B fh RE O AR 2 K
%3 AEBEAXEMEZYH TN RRHTEIHFEREIE

(14.44%), FARARACAE T SR LG T 25 55 Sz B 2
() AR R ZE 85 /0N, 108 B BT 2 ST R Y T LA A 1) S R Aip 4
A Ik I RO R AR AR, BT SN s AR I R A R £

PSR FUA R .

Table3 Verification of quality degradation kinetics model of pollen during storage under different package methods

a6 . ot : i . ZH R B0 A R
F5d  PdE5d W 10d  Pk10d #ks0d  Wgsod St i?yﬁ”‘
itz e 4 AR CHmD GRE) CHID GRED CHID GRED Rorn ‘: oJf 3
Index Storage condition  Optimal model Storagefor 5d  Storage for 5 d Storagefor 10d Storage for 10 d Storage for 30 d Storage for 30 d o i?nents of
(predicted) ~ (experimentd)  (prediicted)  (experimental)  (predicted)  (experimental) dggemoﬂ%
4C HERN
4 °C vacuum C,=55.30exp
47.82 50.13 41.35 42.16 23.12 25.18 .95~8.
packaging without (~0.02906¢) 1.95~8.95
illumination
20 'C HEAEHG
20 C vacuum C=55.27exp
45,58 43.28 37.59 38.13 17.39 18.21 A4~4,
packaging without (~0.030857) 144~472
illumination
30 C HAE
b*E 30 °C vacuum C,=56.63exp
41.07 39.12 29.79 28.31 8.24 9.43 74~14,
b* velue  packaging without (-0.06421) 4.74~14.44
illumination
4 C EAIREDG
4 °C vacuum C=56.57exp
41.36 40.06 30.23 28.85 8.63 8.01 .14~7.1
packaging with (-0.06277) 3 8
illumination
4C WIEEL
4 °C normd pressure  C;=56.23exp
39.38 36.27 27.58 28.32 6.63 6.44 2.68~7.
packaging without (-0.07127) 68~7.89
illumination
4C HAEDL
4 °C vacuum C=0.50exp
0.55 0.51 0.61 0.65 0.91 0.87 4.40~7.27
packaging without (0.01981) 0
illumination
20 C HASEE
20 ‘C vacuum C=0.3218+
1.04 1.02 1.76 1.73 4.68 4.75 1.50~1.92
packaging without 0.1438¢ 50~1.9:
illumination
" FIPE N
POV i % ”C i C=0.3768+
POV valug/ 30 C vacuum 9. 1.24 121 210 2.20 5.54 5.45 1.62~4.76
(g-(100g)) packaging without 0.1722¢
illumination
4 °C HEIREDS
4 °C vacuum C=0.54exp(0.
0.60 0.63 0.67 0.68 1.03 110 1.49~6.80
packaging with 02177)
illumination
4°C HIERRD
4°C normal pressure  C,=0.56exp B
packaging without (0.03401) 0.66 0.65 0.79 0.85 1.55 153 1.54~7.59
illumination
4 C HAEDG
4 C vacuum C=1.7971+
245 248 3.10 331 571 5.75 1.22~6.77
packaging without 0.1306¢ 6.
illumination
20 C HASEE
20 'C vacuum C=1.9386+
3.00 3.03 4.06 411 8.32 8.60 1.00~3.37
packaging without 0.2126¢ 00~3.3
illumination
TBArsfi 30C HA#EG
TBArs 30 ‘C vacuum C=2.1986+
3.37 351 4.53 4.58 9.20 9.31 1.10~4.1
value/  packaging without 0.2334¢ 0 5
(mg-kg™) illumination
4C HEHEEDY
4 C vacuum C=2.2871+
3.62 381 4.94 5.01 10.26 9.47 1.42~7.70
packaging with 0.2657¢
illumination
4C IR
4 °C normd pressure  C=2.0175+ 28
.85 261 3.68 344 7.02 7.18 2.28~8.42
packaging without 0.1666¢

illumination
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Lipid oxidation and color degradation kineticsunder different
storage conditions of pollen

Wang Jun®, Wang Dong?, Luo Qingsong®*, Xiao Hongwei, Zhang Xiaolin®,
Fang Xaioming®*, Gao Zhenjiang®, Han Shengming®
(1. College of Engineering, China Agricultural University, Beijing 100083, China;
2. College of Mechanical and Electrical Engineering, Shaanxi University of Science and Technology, Xi' an 710021, China;
3. Institute of Apicultural Research, Chinese Academy of Agricultural Sciences, Beijing 100094, China)

Abstract: Pollen is the male reproductive material of plants and rich in various nutrient and functional substances, including
protein, lipid of pollen, polysaccharide, vitamins and mineral, which are benefit for human health. Because of its relatively
high moisture content, and its sensitive to microbial spoilage and fermentation, fresh pollen has very short shelf-life. Drying
is the most frequently used method for pollen preservation as it can prevent the growth and reproduction of microorganisms
and minimize many of the moisture-mediated degradation reactions to enhance shelf-life. However, due to high lipid content of
pollen, their oxidation and rancidity arise serious quality problems during unsuitable storage, such as undesirable color, odour,
flavor, etc. Therefore, a quantitative investigation of the change kinetics of pollen quality during storageis critical for selecting
proper package method and storage conditions. As one of the most important organoleptic evaluation indicators of most foods
and agricultural products, unsuitable color changes affect the market value and sale quantity significantly. Y ellowness value, as
the trait color of pollen, was selected as one of the quality attributes in current research. Lipid oxidation is closely related to
quality degradation and flavor of food. The peroxide value (POV) and thiobarbituric acid reactive substances value (TBArs)
were used to evaluate the first-order and second-order lipid oxidation of pollen during storage, respectively. The higher the
POV and TBArs values are, the more severe the oxidation of lipid is. In current work, effects of different package factors
(ilumination and oxygen) and storage temperatures (4, 20, and 30 “C) on the changes of yellowness value (b* value), peroxide
(peroxide value, POV) and thiobarbituric acid reactive substances (TBArs) were investigated during pollen storage. The aims
of the study were: 1) to explore the impact of temperatures on color and lipid oxidation at vacuum and without illumination
package; 2) to explore the impact of illumination on color and lipid oxidation at 4 ‘C with vacuum package; 3) to explore the
impact of oxygen on color and lipid oxidation at 4 ‘C without illumination package; 4) to establish the kinetics model of »*
value, POV and TBArs based on zero-order and first-order models during 30 d storage period. Results showed that, a higher »*
value of pollen was obtained under storage temperature of 20 and 30 'C compared with 4 ‘C (P<0.05); no significant
change(P>0.05) was found for the POV value of pollen during storage at 4 ‘C for 30 days, while significant increasing
(P<0.05) were observed for storage at temperature of 20 and 30 C, respectively. In addition, the effect of light on POV of
pollen during storage was not significant. But, the illumination could enhance the acceleration of TBArs value, which
increased 7.42 mg/kg after 30 days storage. Zero-order model could well predict the TBArs changes kinetics of pollen during
storage, while the first-order model could well describe * value and POV value variation. The results could provide a theoretical
support for selecting of storage strategies and conditions, which are benefits for reducing the quality degradation and prolong the
shelf-life of pollen.

Keywords: storage; degradation; kinetics; pollen; color parameters; peroxide value; thiobarbituric acid



